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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed?  2.3.1, 2.6, 3.2.3, 3.3, 4.1.3/4.2.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   3.3
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Ayse Turak: A portable, versatile 3D printed environmental chamber can help answer key questions in the field of organic electronics, particularly related to the degradation of devices under various conditions.
1.2. Emma Mogus: The main advantage of using a 3D printed chamber is it allows for rapid, cost-effective adjustments to changing sample or environmental requirements while maintaining the utility of the basic design.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ben Torres-Kulik: The low cost and speed of production using 3D printing allows researchers to rapidly modify our designs to suit their purposes, including different device sizes, extra ports, and additional sensors.
C. Introduction of Demonstrator: N/A
D.  Ethics title card: N/A 
Protocol: (read by voice talent at JoVE)
2. The Chamber Parts and Top Chamber Assembly
2.1. A feature of the chambers is their method of manufacture. [1-WIDE] This is an example of one design, a 6 pixel I-V test chamber. [2-CU] It is made using 3-D printed components for the top chamber, a retaining ring, and a bottom chamber. [3-CU-TXT]  This schematic provides an overview of the chamber’s assembly with a device. [4-LM] The O-ring and the gasket are not 3-D printed. [5-LM]
2.1.1. Talent at bench with (possibly holding) a complete test chamber. The 3-D printed components for a second test chamber should be on the bench.
2.1.2. An assembled test chamber (probably without the clamp)
2.1.3. The 3D printed components of a test chamber [TEXT: See text protocol for printing instructions and variants.]
2.1.4. LAB MEDIA: “Figure2 1b Chamber Assembly.png” (Video editor: Please refer to Figure1_config_table_w_exploded_view.pdf, panel b, for how the symbols should be labeled. Use “centering gasket” instead of “KF50 centering gasket”. Please call attention to the red, “organic device” symbol during “...with a device”)
2.1.5. LAB MEDIA: continued (Video editor: Please call attention to the “o-ring” symbol toward the left and the “centering gasket” symbol to the right.)
2.2. For now, focus on the top chamber. [1-MED] Have the interior face of the top chamber facing up. Locate one of the four pilot holes and drill a tapping hole. [2-CU-TXT] When all the holes are tapped, place a brass-tapered threaded insert into one of them, smaller diameter down. [3-CU]
2.2.1. Talent preparing to work with the top chamber 
2.2.2. Detail of the top chamber’s interior face with pilot holes in view. After a pause, a drill being used to create a tapping hole [TEXT: Tapping hole: diameter: 0.404 cm; depth: 0.397 cm]
2.2.3. The top chamber’s interior face with all holes tapped. After a pause, a threaded insert being put into one of them
2.3. Press the heated tip of a soldering iron to the threaded insert while applying nominal pressure to move the insert straight down. [1-CU] Stop when the top face of the insert is about 1 millimeter above the interior face of the top chamber. [2-CU] While the plastic is still hot, use the edge of a straightedge to lightly press the insert to be flush with chamber face. [3-CU]
2.3.1. The threaded insert in the top chamber as a soldering iron is being used to embed it in the plastic [TEXT: Soldering iron at 330–350 ºC]
2.3.2. The insert embedded in the chamber. Its top surface should be about 1 mm from the chamber surface
2.3.3. A straightedge being used to further embed the insert 
2.4. Allow the plastic to cool for one minute, then add a second insert. Afterward, place the retaining ring over the insert to ensure the holes line up. [1 2-CU] Follow the same steps to install inserts in the remaining holes. [2 1-MED]
2.4.2. Talent working to install additional inserts
2.4.1. The top chamber showing the insert. After a pause, the retaining ring being used to check the alignment
2.4.2 Talent working to install additional inserts (Move this step before 2.4.1 as the new 2.4.1)  (Editor: I’m not sure how these steps were slated. They could be slated as the script called for, or for this new order. I’ve changed the order of the steps while retaining the original numbering)
2.5. With the inserts in place, put the O-ring into the circular groove on the chamber face and press it in. [1-CU-TXT] Next, get the organic device; in this case, a 6 pixel diode. [2-CU] For testing, place the organic device on top of the O-ring. [3-CU-TXT].
2.5.1. Top chamber with all inserts in place. After a pause, the O-ring being put in place [TEXT: size-116 butyl O-ring]
2.5.1a [Added Shot]: Talent placing top chamber into a glovebox (Editor: I’m not sure where the author wants this shot placed. It should be clear in the video that everything is being done in a glovebox)
2.5.2. Detail of the device
2.5.3. The device being placed on the O-ring [TEXT: See text protocol for details; Important: Perform this step in a glovebox] 
2.6. Next, align the retaining ring’s holes with the metal inserts in the top chamber. [1-CU] Use screws to fasten the two together and press the device against the O-ring. [2-CU-TXT] Here is an example of a top chamber with a device and retaining ring in place. [3-CU] [4-Interview] When done, leave the assembled top chamber in a glovebox for at least 24 hours. [5-WIDE]
2.6.1. The top chamber as the retaining ring is put in position.
2.6.2. An intermediate state of the top chamber and retaining ring with screws in position and one of them being tightened [TEXT: Fasten the screws incrementally to avoid damaging the device.]
2.6.3. The top chamber and the retaining ring fastened
2.6.4. The author saying the text of the first author protocol interview (below); interview style
2.6.5. Talent placing top chamber into a glovebox Top chamber stays in the glovebox for 24hrs
3. Bottom Chamber Assembly
3.1. With the top chamber assembly in the glove box, move to work with the bottom chamber. [1-WIDE] The bottom chamber has holes for contact pins needed in current-voltage measurements. [2-CU] Make each contact pin with a pogo pin and a solder cup. [3-CU] Insert 6 to 7 millimeters of the narrow end of the pogo pin into the solder cup. [4-CU]
3.1.1. Talent at bench with bottom chamber and materials
3.1.2. Detail of the bottom chamber and its holes
3.1.3. A pogo pin and a solder cup, either on the bench or held by talent. It may be possible to combine this shot with the next
3.1.4. The pogo pin being inserted into the solder cup
3.2. Use helping hands to support the parts of the contact pin horizontally. [1-MED]  Touch a heated soldering iron tip to the connection region between pogo pin and cup. [2-CU-TXT] Press solder into the connection region and continue heating the area until the solder melts. [3-CU] When done, a thin, smooth layer of solder should cover the area between the two parts all the way around. [4-CU][5-Interview]
3.2.1. Talent at helping hands that hold the parts 
3.2.2. Detail of parts in helping hands as a soldering iron heats them [TEXT: Soldering iron at 330–350 ºC]
3.2.3. Solder being applied, ideally melted
3.2.4. A completed contact pin 
3.2.5. The author saying the text of the second author protocol interview (below); interview style
3.3. Slide the completed contact pin into one of the holes in the exterior face of the bottom chamber. [1-CU] Stop when about 2.2 centimeters of the solder cup extends from the exterior face. [2-CU] Use epoxy suitable for vacuum applications and apply it around the contact pin and hole to prevent air ingress. [3-CU-TXT] Apply the epoxy around the hole both inside and outside. [4-CU]
3.3.1. The exterior face of the chamber. After a pause, a contact pin being slid into position 
3.3.2. The exterior face of the chamber with the solder cup in the correct position
3.3.3. The chamber as epoxy is applied to the exterior [TEXT: Low pressure epoxy, 2:1 resin:epoxy]
3.3.4. The interior of the chamber to demonstrate epoxy has been applied around the hole there
3.3.5. The bottom chamber with all pins in place and epoxied
3.4. Ideally, allow the epoxy to cure for 24 hours at 25 ºC before repeating the steps for each contact pin. [1-MED] For each of the pins, ensure the set resin is white. It should be solid when pressed. [2-CU] Add leads to the contact pins necessary to connect it to the measurement board. At this point, place the assembled bottom chamber in the glovebox with the top chamber and leave it for at least 24 hours. [3-WIDE]
3.4.1. Talent working to add the next contact pin [Author Comment: not filmed; use take 2 of shot 3.3.4].
3.4.2. Detail of the bottom chamber with all of its contact pins in place 

3.4.3. Talent moving the bottom chamber to the glovebox
4. Final Assembly
4.1. After 24 hours, return to the glove box for the final assembly. [1-WIDE] Work within the glovebox and apply a KF50-centering gasket to the bottom chamber. [2-CU] Next, align the notches in the two chambers. Then, place the top chamber onto the bottom one. [3-CU] 
4.1.1. Talent at glovebox, preparing to work with chambers
4.1.2. The bottom chamber as the gasket is put in place
4.1.3. The two chambers as they are being aligned. After a pause, the two chambers being put together
4.2. To secure the parts, open a KF50 clamp and place it around the edge of the two chambers. [1-CU] Tighten the wingnut as much as possible to fasten the bolt. [2-CU] Leave the completed chamber in the glovebox until it is needed. [3-WIDE]
4.2.1. The two chambers as the clamp is put in place. It may be possible to combine this with the next shot 
4.2.2. The assembly as the clamp is tightened. 
4.2.3. Talent finishing work at the glovebox
5. Current-Voltage Measurements of Individual Pixels on the Device
5.1. Have a computer and the other necessary equipment for the experiment ready. [1-WIDE] This includes a source-measurement unit and a zero insertion force test board. [2-CU] Connect a BNC cable from channel one of the SMU to the test board. [3-CU] Connect the power supply to the SMU. Also, connect the SMU to the computer with a USB cable. [4-MED]
5.1.1. Talent at bench with computer and other equipment [Author Comment: use take 2 because chamber accidentally in shot for take 1] 
5.1.2. The SMU and test board
5.1.3. SMU and test board as they are being connected [Author Comment: use take 2 because chamber accidentally in shot for take 1]
5.1.4. Talent making connections with the SMU, particularly the computer
5.2. Set up the computer software for the measurement. [1-MED-TXT] On the SMU, locate the “Range” switch, labeled “2”, and toggle it to the ON position. [2-CU] Now, bring the fully assembled chamber from the glovebox. [3-MED] 
5.2.1. Talent working at the computer [TEXT: See text protocol for details and Supplementary Information for software.]
5.2.2. Detail of the SMU. After a pause, the switch being toggled
5.2.3. Talent with the chamber, moving it into position over the test board
5.3. Connect the chamber’s contact pins to the test board. [1-CU-TXT] Focus on one pixel and switch the cathode pin to Ground. Switch the anode pin to BNC. Ensure the other pixels are off. [2-CU] Run the software to perform the measurements [3-MED]
5.3.1. The chamber connected to the test board [TEXT: See text protocol for details]
5.3.2. Detail of the switches. After a pause, the cathode pin set to Ground, then the anode pin set to BNC. Ideally the state of the other switches would be apparent.
5.3.3. Talent running the program
Author Protocol Interviews
Ben Torres-Kulik, Step 2.6:  The O-ring should fit completely into the groove, without burrs or particulates, and should be compressed between 15-25% of its cross-section for an adequate seal. Do not crack the sample when tightening the screws.
Emma Mogus, Step 3.2: The solder must be placed on the outside of the pin, as soldering inside will render the pin unusable. Always check the electrical connection across the pin and cup by using a multimeter before and after mounting on the chamber.
6. Results: Current Density–Voltage Measurements of a 6 Diode Configuration
6.1. In this plot, in light blue is the current density-voltage curve of standard organic photovoltaic device inside the chamber under no illumination.  The dark blue curve is for the same device encapsulated with a microscope slide over the active area and sealed with epoxy. [1-LM] These are the same two systems under illumination from a lab light source. The plots show expected diode behavior. [2-LM]
6.1.1. LAB MEDIA: Figure12_a_DarkCurrent.ai
6.1.2. LAB MEDIA:  Figure12_a_DarkCurrent.ai, Figure12_b_Illuminated.ai (Video editor: Please add the new image to the left of the image from 6.1.1.)
7. Conclusion (said by authors on camera)
7.1. Emma Mogus: While attempting this procedure, it’s important to remember to make good electrical connections between the device and the chamber through the pogo pins, and between the chamber and the measurement board through the use of proper wiring or a support collar.
7.2. Ben Torres-Kulik: Following this procedure, it is possible to make a chamber  suitable for short term testing, if care is taken to prevent leaking.  Always test the water vapor and oxygen transmission rates into the chamber when using different materials or designs.
7.3. Dr. Ayse Turak: This 3D printed environmental chamber provides a cheap, versatile and customizable approach to testing organic device degradation. Researchers can quickly and easily make modifications to suit a given purpose for exploring device degradation. 
Provided Media
Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:
6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X
Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
Insert your media filenames here.
General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   
Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  
All tubes/flasks should be pre-labeled neatly before we arrive.  
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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